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(54) Detecting objects in obscuring medium 

(57) To detect and range objects which are concealed in an attenuative medium, such as submerged submarines, 
light pulses back-scattered by the medium are examined for sudden discontinuities, an object being shown to be 
present when one occurs. Since an object will effectively prevent further back-scatter. This allows for the use of 
longer laser pulses. 
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Formulae in the printed specification were reproduced from drawings submitted after the date of filing, in accordance with Rule 
20(14) of the Patents Rules 1982. 
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SPECIFICATION 

Method and apparatus for detecting, distance-gauging and imaging objects in a turbid surrounding 
media using a laser 

5 -ru- • „^*ir,n rpiatP* to a method and apparatus for detection, distance-gauging and imaging objects 
Inch may be eler absorb or "fTectiJe and which are concealed in a medium which is highly atten- 
whch may De einer a * method using a pulsed laser as the radiation source. 

rrJ^°rS3^^5S^«S ZSm Sins. This on,v rater, .o the usual eys- 
be datected rap dly and » n ° principle, in which shptt pulses or pulse trains .re sent 

20 terns based on the «eM<«OT pulse irme^ p P^ coaxially or perallel to the 

from e leser transmitter to ^^JZ^^XttS^nm being evaluated, according to the require- 

delay time measuring unit. propagation in turbid media la Impeded by two factors: 

30 the echo signals from the surface of Mtha ^target. ft detection probabmty and suppres- 

noTonly the u^,' welK.«~ X the ob|ec, but afeo fh. fr.„uen,,y f.r greater alt.rafron ,n ft. 
'Icp^oS^ 

ItSlSSS I'SSMSE- ,o fhe accompanying drawings show- 

tb .hows a diagram of the entire ecatter signal as a funcdon of t™.. 
iZ S £= I K^S^^SE. SSft. duotien, - daley signs, 
55 and direct signal, . 

"%,ura 5 shows a block diagram of the signal evaluation unit for subtracting the opdcal background 
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due to the back scatter from the medium, continuously rises to a maximum, where the pulse is now fully 
within the medium. As the period continues the signal decreases exponentially with the time, 

S(t)~e- ,c ' <1) 

wherein V is the attenuation coefficient of the medium and C the speed of the light in the medium. At 
the instant 
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as seen by the receiver) the pulse rise edge has reached an object at range D, where two things occur as 
the period continues: In the first place the back scatter from the medium decreases in a time correspond- 
ing to the pulse width f , to zero (see Figure 1a), and in the second place the surface of the object re- 15 
fleets or disperses part of the pulse energy back again, this signal assuming over the period exactly the 
same form as the pulse emitted, as may be seen from Figure 1a. The two signal changes together result 
in the course shown in Figure 1 b. 

D™(T D ) ; T M = [e -1] (2) 20 

(to) = — : = 2r r 

wherein p( W ) is the back scatter coefficient and p the degree of reflection of the object. 

An arithmetic evaluation of this equation by the insertion of known data for pW anc I r J^™* 
types of turbid media shows that the signal change of the back scatter is significantly higher than the 
object re lection in media with an attenuation r s 0.1 m a ratio p (,) IT * 10- sr; 'and la pulse time 
S "?atio VMir * 10- sr - and a pulse time t^5ns. It should be added that the reflection 
from an object is usually dispersed isotropically in all spatial directions, where on y a small proportion 
enter "he field of vision of the receiver. This is a different situation from that applying to the back scatter 3 0 
of the medium which usually shows a pronounced radiation lobe in the rearward direction with an angle 
of aperture of only a few degrees thus a correspondingly high proportion of stray light enters the field of 

V T(»m£ris^wfth the known data for turbid sea water and artificial fog, such as a military smoke 
35 screen shows that with wave lengths in the visible and near IR range this rations clearly above 1. An 3E 
example is provided by typical data for coastal water in the Baltic, with r = 0 25 m- and 0 M - 
10-m-sr ' With a pulse length of t* = 30ns for the laser and a degree of reflection of p = 0.1 for the 

«!Sl^ n th rtS aTum of relatively long laser pulses and a signal evaluation apparatus de- 
40 signed to detect signal changes over periods corresponding to the length of the laser pulse it is possible 4( 

to obtain far clearer signal echos from objects than with short-pulse methods. 

This improvement in the detection of objects involves some sacrifice of accuracy in determining the 
distance between object and receiver, the accuracy being proportional to the laser j^e. 
case, however, the range-finding accuracy can be restored by averaging a number of individual measure- ^ 

45 m ^h"usu^signaTev n a.uation apparatus is designed for the use of as short pulses as possible, with a ' 
higher peak performance and the corresponding short reflections from the object an apparatus is pro- 
posed which will be eminently suitable for the aforementioned detection of the relatively long scatter 
signals. Surprisingly enough, this object Is achieved by the simple expedient of forming the quotient of 

50 the delay signal and the direct signal, the delay having to be adapted to the attenuation values of the 5i 

"the sTpfesf way 5 S^ning^ew method is to compare it with the method which has usua.ly 

^OwmgT^the high dynamics of the received signals the signal amplification is usually adjusted up- 
55 waXafter reflection of a laser pulse, from a low value to increasingly high values in >"™^ 5 
the pulse transit time. This operation is generally performed using an amplifier with a logarrthrr nc : charac 
teristic, that is by forming the natural logarithm of the time-governed reception signal f ^By this opera 
tion the original signal which decreases exponentially in the dispersive medium made is linear, that is 
from the decrease e-«- we obtain — . In order to detect the reflection or the rapid decay of the signal at 
60 the target object the signal is also differentiated. The signal then having a linear charactenstic from the 6 
dispersive medium but a transient from an object, as shown in Figure 2. 
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From the equation 

d log S(t) S'(t) (3) 
dt S(t) 

it may be seen that the resultant signal represents the standardized time derivation of the received I signal 
the instantaneous slope of the signal curve). Finally the signal disturbance from the object .s detected by 
recording the passage through zero or by raising the signal above a fixed signal discnm.nation level. 

This method of signal evaluation is suitable for the detection of very rapid s.gnal changes, (rise or fall 
of the signal) but reacts almost indifferently to relatively slow changes in the course taken by the s.gnal. 

If the usual course taken by the signal on the object in a highly dispersive med.um .s now considered, 
as shown in Figure 1b, it is a noticeable fact that the change in the slope of the s.gnal curve .s relat.vely 
small at the time when the rising pulse flank encounters the object, by comparison w.th the change oc- 
curring while the falling flank is encountering the object surface, where the s.gnal decreases from the 
peak va^e to zero. This means that in the signal evaluation process described the foregomg the mam 
effect is exerted by the falling flank of the laser pulse and the mam requ.rement .s that th s fall should 
takel place Tr! I as short a time as possible and that the peak performance of the pu.se should be at .ts 

20 maximum. performance, however, this situation is unsatisfactory, for only half the laser 

pulse akes effect in the useful received signal. The method suffers from the further drawback that .t 
? Spends to all Sief signal changes, so that with the slightest unevennesses in 1 Jhe scatter on he way to 
the object additional interference signals are picked up which cannot be eas.ly d.st.ngu.shed from the 

25 T tdrtooleSme these drawbacks and to render the whole of the signal usable as far as possible 
wnils° at the same time keeping the probability of interference to the minimum, the mvent.on proposes a 
Sna evasion apparatus such as that shown in Figure 3. The signal from the detector 11 .s f.rst of all 
oassed as normal through a logarithmic amplifier 1 2. It is then divided into two s.gna branches, the 

30 E o? whicT ^sses through a signal delay device 13, so that it will acquire a fixed delay A t .n re.at.on 30 

tStSStSfi S,t, are now subtracted from each other using a differential 

applifieM4 This operation gives the logarithm of the quotient of the two s.gnals, wh.te the subsequent 
inversion function of an analog amplifier 15 leads to the quotient. gg 
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e (t) = log 'log = 
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The direct and the retarded signal are shown together in Figure 4a and their ratio e (t) in Figure 4b. As 
mly be reen from Figure 4b, e (t) increases from zero through 1 (where the two s.gnals .ntersect) as far 
as a constant value e'" 1 , before the laser pulse encounters the surface of the object. 
In the period before the laser pulse encouters the surface of the object there .s generally an i .n.t.al 
45 slight increase of the direct signal by reason of the additional proport.on of object scatter n he same 45 
period, however, the delay signal is still decreasing, that is the ratio .ncreases up to a maximum. As the 

oeriod continues both signals decrease to zero and the ratio to 1 . 

P .7 the delay At selected is made about equal to the pulse length t* the entire change of ^ 
the object will naturally take effect in the transient of the quotient. A reference moment where the pulse 
50 encounters the object can be defined by all the customary methods, such as s.gnal maximum detect.on, 50 

pulse heights, discrimination, pulse centre definition, etc. n t^ ainB A « i u 

A aenuine comparison between this method and the method previously ment.oned .s obta.ned if 7 is 
suttraS^ s (t), which does not interfere with the course taken by the s.gna. curves: 



55 S(t + At) S(t + At - S(t) 

(t) - 1 = - 1 = (5 ' 

S(t) S(t) 
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From this expression it may be seen that the course taken by the curves represents the standardized 
signal difference between the retarded and the direct signal, the standardized derivation from above can 
be obtained by 

lim Mt)-1] S'(t) 



AHO At S(t) 



10 The main advantage of this process by comparison with the usual methods resides in the fact that it io 
can be used with a delay correctly selected for both short and long pulses, using the entire signal change 
resulting from object reflection and cessation of back scatter in the medium. A further advantage is to be 
found in the fact that signal interference due to unevennesses in the dispersive medium can be averaged 
by correct adaptation of the delay At. 

15 As in all laser distance-gauging methods for daytime use in the atmosphere, this method also suffers 15 
interference from background. This invention therefore provides for an effective optical suppression of 
the background using interference filters with a cut-off range outside the laser wave length. In addition it 
provides for electronic elimination of the background level by means of a signal subtraction device such 
as shown in Figure 5. 

20 With this circuit the intermediate periods are inserted between the measuring times of the background 20 
radiation and the signal current of the background, by a delay line 17 provided for the measuring signal 
of the next measuring period 16,18, in order to switch one measuring line or the other into the circuit in 
alternation. This is interposed between the photo-receiver 11 and the log amplifier 12, at points A and B 
in Figure 3. The laser and the analog switch 16,18 are actuated at the appropriate times by means of a 

25 common impulser. The delay between the background signal measurement and the information signal 25 
measurement is marked x < while the differential amplifier 10, by which the signal and the background 
signal are subtracted from each other, is marked 19. 

CLAIMS 

30 3C 

1. Method for the detection, distance-measuring and imaging of objects which may be absorptive or 
reflective and which are concealed in a medium which has highly attenuative properties through light 
dispersion, the method using a pulsed laser as the radiation source, in which the back scatter signal from 
the medium being scanned using a pulsed laser beam is recorded in such a way that the back scatter is 

35 used for the detection of an object present in the medium and the detection system only responds to a 3! 
signal discontinuity which is significant for the object. 

2. Method in accordance with Claim 1, wherein the back scatter signal received is split, one part being 
delayed and the quotient of the delayed and the non-delayed signals formed, the length of the time delay 
being variable and capable of being adapted to the attenuation value of the medium and the pulse dura- 

40 tion of the laser. 4< 

3. Apparatus for carrying out the method of Claim 1, wherein the time-resolved signal of a photo- 
receiver is conveyed through a logarithmic amplifier and then divided into two paths, in the first of which 
the signal undergoes a defined delay in a delay line in relation to the undelayed signal in the second 
path, after which both signals are fed to a differential amplifier which produces the difference between 

45 the two logarithmic signals in order to subsequently form the quotient of the two signals using an analog 4' 
amplifier. 

4. Apparatus in accordance with Claim 3, wherein a signal subtraction circuit is interposed between 
the photo-receiver and the logarithmic amplifier, with the use of a switch means and by actuating two 
analog switches in two signal branches alternately, the signal strength of the optical background is fed 

50 onwards at a defined time before the emission of the laser scanning pulse through a signal delay line, 5 
which is designed so that during a pulse measuring time initiated by actuating the second analog switch 
the two signals, pulse and background, can be separated from each other using a differential amplifier. 

5. Apparatus in accordance with Claims 3 or 4, wherein the background signal is suppressed by 
means of an interference filter with a cut-off range outside the laser wave length. 

55 6. A method for the detection, distance measurement and imaging of objects as described herein and 5 
exemplified with reference to the drawings. 

7. Apparatus for usein the detection, distance measurement and imaging of objects as described 
herein and illustrated in the drawings. 
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